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Gases Notes #1
Physical Characteristics of Gases:

· Gases assume the volume and shape of their containers.

· Gases are the most compressible of the states of matter.

· Gases will mix evenly and completely when confined to the same container.

· Gases have much lower densities than liquids and solids.

Units for Pressure:  

1 Torr = 1 mmHg

760 Torr = 760 mmHg = 1 atmosphere = 1.01325 x 105 Pa = 101.325 kPa

Pascal (Pa) is the official SI unit for pressure

Atmospheric Pressure:

The pressure exerted by the Earth’s atmosphere due to the weight of the column of air above us.

Barometer is used for measuring the atmospheric pressure.

Standard atmospheric pressure (1 atmosphere):

The pressure that supports a column of mercury exactly 760 mm high at 0oC at sea level.

A manometer is used to measure the pressure of a sample of a gas.

Absolute Zero:  theoretically lowest attainable temperature, corresponds to 0 Kelvin




K = C + 273.15

1 degree C = 1 Kelvin

Boyle’s Law:  
Increase pressure, will decrease volume.

P1V1 = P2V2  

Temp is constant
Charles’ Law & Gay – Lussac’s Law:

Volume is proportional to the temp.  

Increase temp, will increase volume.


V1  = 
V2


Pressure is constant.  Temp is in Kelvin.

T1
T2
Avogadro’s Law:

At constant pressure and temperature, the volume of a gas is directly proportional to the number of moles of a gas present.  10 Liters of O2 has twice as many gas molecules as 5 Liters of H2 molecules.

Combined Gas Law: 
“Potatoes and vegetables go on the table.”


P1V1  = P2V2

Temp is in Kelvin.

T1
   T2
Standard Temperature and Pressure:  “STP Conditions”


Temperature = 0oC


Pressure = 1 atm

Volume of 1 Mole of any Gas at STP = 22.4 Liters

1.0 mole of CO2 has a volume of 22.4 Liters


1.0 mole of H2 has a volume of 22.4 Liters

What if we aren’t at Standard Temperature and Pressure?

· Must use the ideal gas law

· Make sure you use the correct R value based on the units in the problem

Ideal Gas Law:


“Ideal Gas Assumptions”






1.  gas molecules do not attract or repel each other


PV = nRT


2.  gas molecules’ size is small compared to container’s volume

P = Pressure






V = Volume in Liters





n = moles of gas


R = gas constant


T = Temp in Kelvin
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Gases Notes #2
Consider this mixture of these gases:
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Dalton’s Law of Partial Pressures:

The total pressure of a mixture of gases equals the sum of the pressures of each individual gas.


Ptotal = PH2  +   PO2   +   PN2

Mole Fractions of Gaseous Mixtures:



moles H2

___    =   mole fraction of H2

moles H2 + moles O2 + moles N2

moles O2

___      =   mole fraction of O2

moles H2 + moles O2 + moles N2

moles N2

___      =   mole fraction of N2

moles H2 + moles O2 + moles N2
Often times we can only measure the total pressure of a mixture of gases, and then we have to calculate the partial pressure of each gaseous component.


PH2 = (XH2 )(Ptotal)
where X is the mole fraction of total moles of gas

Example #1:

A mixture of gases contains 4.46 moles of neon, 0.74 moles of argon, and 2.15 moles of xenon.  Calculate the partial pressures of the gases if the total pressure is 2.00 atm at a certain temperature.


























Answers:












PNe = 1.21 atm












PAr = 0.20 atm












PXe = 0.585 atm

Collecting Gases Over Water:

· Assumes that the gas being collected will not react with the water present in the container.

· The gas being collected is not appreciably soluble in water.

· Gases collected this way are not 100% pure.  Some water vapor is present inside the container.
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Therefore:



Ptotal =   Pgas   +    PH2O

Example #2:
Oxygen gas can be generated by the thermal decomposition of potassium chlorate as shown above.  Approximately 128 mL of oxygen gas was collected at 24oC and atmospheric pressure of 762 mmHg is recorded from a barometer.  Calculate the mass (in grams) of the oxygen gas that was obtained.  The pressure of the water vapor at 24oC is 22.4 mmHg.












Answer:  0.163 grams of O2
Example #3:

Hydrogen gas is generated when water is added to dry calcium metal.  The volume of the gas at 30oC is 641 mL and the atmospheric pressure is 988 mmHg.  What is the mass of the hydrogen gas obtained?  The pressure of water vapor at 30oC is 31.82 mmHg.

Answer:  0.0657 g of H2
Kinetic Molecular Theory of Gases (KMT)

Key Assumptions:

1.  A gas is composed of molecules that are separated from each other by distances far greater than their own dimensions.  Molecules are considered to be points; they have mass, but have negligible volume.

2.  Gas molecules are in constant motion in random directions, and they frequently collide with one another.  Collisions among molecules are perfectly elastic.  Energy can be transferred from one molecule to another in collisions, but the total energy of all molecules in the system remains the same.

3.  Gas molecules are not attracted to or repelled from one another.

4.  The average kinetic energy of the gas molecules is proportional to the Kelvin temp.  Any two gas samples at the same Kelvin temp will have the same average kinetic energy.  (What does this tell us?)



Average Kinetic Energy for a molecule  =   1 mv2
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Gases Notes #3
Gas Diffusion and Effusion:

Diffusion occurs when one gaseous substance spreads throughout a space or a second substance. Perfume filling a classroom is one example.

· Gas molecules are moving quickly, yet diffusion takes a longer time than one might expect.

· Gas molecules experience numerous collisions while moving from one place to another.

· Gases with low formula weights diffuse faster than gases with higher formula weights.

Effusion occurs when gas molecules escape through a tiny hole into an evacuated space.  (special conditions)

Graham’s Law of Effusion:


r1 
 =  
FW2



r1 
 =  
M2

where M = formula weight


r2

FW1



r2

M1


where r = rate of effusion

Big Ideas from Graham’s Law:

Lower the formula weight, the faster the rate of effusion
Example #4:

If equal amounts of helium and argon are placed in a porous container and allowed to escape, which gas will escape faster and how much faster?











Answer:  3.16 x’s faster
Example #5:

Place the following gases in order of increasing average molecular speed at 300 K:  

CO2
 NO
HF
F2
H2

_______ <  _______ < _______ < _______ < _______


slowest




  
     fastest
Real vs. Ideal Gases  (Deviations from Ideal Gas Behavior):

Ideal gas law does not work well under all conditions, especially at higher pressures and lower temps.

van der Waals Equation:

“Ideal Gas Law’s Fudge Factor”


(P + n2a ) (V – nb) = 
nRT  

if a = 0 and b=0, we get the Ideal Gas Law



V2
 



van der Waals Equation takes into account:

· Gases do have a finite volume

· Some gases do show attractive forces between gas molecules

a:  correction factor dealing with attractive forces between molecules

b:  correction factor dealing with the fact that gases have finite volumes

both a and b generally increase as molecules become more massive.  Larger, more massive molecules tend to have larger volumes and more intermolecular forces.

Example #6:

(a)  Assuming ideal behavior, calculate the pressure that CCl4 will exert at 40oC if 1.00 mole of CCl4 occupies 28.0 L.












Answer:  P = 0.917 atm



(b)  Repeat the above problem but now use the van der Waals equation to calculate the pressure that CCl4 will exert under real conditions.  

for CCl4  
a = 20.4 (L2atm/mol2)






Answer:  P = 0.896 atm


b = 0.1383 (L/mol)


_1139684607

